Protein stability versus function: effects of destabilizing missense mutations on BRCA1 DNA repair activity.
Mutations in breast cancer susceptibility gene BRCA1 (breast cancer early-onset 1) are associated with increased risk of developing breast and ovarian cancers. BRCA1 is a large protein of 1863 residues with two small structured domains at its termini: a RING domain at the N-terminus and a BRCT (BRCA1 C-terminus domain) repeat domain at the C-terminus. Previously, we quantified the effects of missense mutations on the thermodynamic stability of the BRCT domains, and we showed that many are so destabilizing that the folded functional state is drastically depopulated at physiological temperature. In the present study, we ask whether and how reduced thermodynamic stability of the isolated BRCT mutants translates into loss of function of the full-length protein in the cell. We assessed the effects of missense mutants on different stages of BRCA1-mediated DNA repair by homologous recombination using chicken lymphoblastoid DT40 cells as a model system. We found that all of the mutations, regardless of how profound their destabilizing effects, retained some DNA repair activity and thereby partially rescued the chicken BRCA1 knockout. By contrast, the mutation R1699L, which disrupts the binding of phosphorylated proteins (but which is not destabilizing), was completely inactive. It is likely that both protein context (location of the BRCT domains at the C-terminus of the large BRCA1 protein) and cellular environment (binding partners, molecular chaperones) buffer these destabilizing effects such that at least some mutant protein is able to adopt the folded functional state.